Introduction {#S0001}
============

Cardiovascular diseases (CVDs) are the primary cause of mortality worldwide. In 2015, one-third of the global deaths were caused by CVD, and approximately 422 million prevalent cases were reported.[@CIT0001] The two major contributing risk factors of CVD are dyslipidemia and hypertension. According to the European guideline on CVD, cardiovascular mortality could be reduced by managing cholesterol levels and blood pressure.[@CIT0002] The co-existence of dyslipidemia and hypertension has been reported in 15--30% cases.[@CIT0003],[@CIT0004] Moreover, the number of patients with multiple risk factors of CVD has reportedly increased.[@CIT0005]

Statin, a β-hydroxy β-methylglutaryl-CoA reductase inhibitor, is the first line of treatment for controlling blood cholesterol. Rosuvastatin is an effective and safe statin, which acts by decreasing low-density lipoprotein (LDL) cholesterol. In a meta-analysis, 5--40 mg of rosuvastatin regimens reduced the percentage of LDL cholesterol from 41.0% to 56.0%.[@CIT0006] For hypertension, calcium channel blockers (CCBs) and angiotensin II receptor blockers (ARBs) are the first-line therapies. The guideline recommends that patients with high blood pressure take two or more different classes of medications to stabilize blood pressure.[@CIT0007] A fixed-dose combination (FDC) formulation of amlodipine and losartan, classified as a CCB and ARB, respectively, showed superior efficacy compared with monotherapy in a Phase II clinical study. This implied that both systolic blood pressure (SBP) and diastolic blood pressure (DBP) were significantly reduced upon FDC administration.[@CIT0008]

To manage both blood pressure and cholesterol levels in patients with multiple risk factors of CVD, concomitant administration of statins and antihypertensive drugs is recommended.[@CIT0009] A meta-analysis in patients with CVD reported that use of an FDC contributed to improved medication compliance.[@CIT0010],[@CIT0011] In order to develop a new FDC formulation, a regimen of co-medication of the same active drugs in the same doses should be clinically established. Furthermore, the pharmacokinetic (PK) profiles between the FDC and loose combination (LC) treatments should be compared.[@CIT0012] The triple combination regimen of amlodipine 5 mg, losartan 100 mg, and rosuvastatin 20 mg was clinically effective in patients with both dyslipidemia and hypertension.[@CIT0013] The pharmacokinetic profiles of the FDC and LC treatments of amlodipine and losartan were compared and found to be similar.[@CIT0014] Consequently, to develop a triple FDC for clinical application, the equivalence of PK parameters must be confirmed between the FDC of the three drugs and the case of concomitant LC administration.

The objective of the study was to compare the PK and safety profiles of an FDC tablet of amlodipine/losartan/rosuvastatin 5/100/20 mg with those of the concomitant administration of an FDC tablet of amlodipine/losartan 5/100 mg with a rosuvastatin 20 mg tablet.

Materials and Methods {#S0002}
=====================

Subjects and Study Design {#S0002-S2001}
-------------------------

The study protocol and informed consent forms were reviewed and approved by the Korean Ministry of Food and Drug Safety (MFDS) and the Institutional Review Board of Seoul National University Bundang Hospital (No. B-1411-275-006). The study was performed in accordance with the Declaration of Helsinki and International Conference on Harmonization Good Clinical Practice. The study was registered with ClinicalTrials.gov (NCT04039724).

Healthy male subjects aged 19 to 45 years with a body mass index between 18 and 27 kg/m^2^ were eligible to participate in this study. All participants voluntarily signed the informed consent form. Their health was confirmed based on medical history, physical examination, vital signs, 12-lead-electrocardiogram (ECG), and routine clinical laboratory tests. The key exclusion criteria were as follows: glomerular filtration rate (calculated by MDRD equation) \< 80 mL/min/1.73m^2^; aspartate transaminase and alanine transferase \> 2 × upper limit of normal; SBP \> 150 or \< 100 mmHg, DBP \> 95 or \< 60 mmHg; QTc interval \> 450 ms; administered any ethical-the-counter drug within 14 days and any over-the-counter drug within 7 days before the first administration; blood transfusion or donation within 60 days before the first administration; continuous consumption of caffeine (\> 1000 mg/day), cigarettes (\> 10 cigarettes/day), or alcohol (\> 210 g/week); and participation in any other clinical trials within 60 days before the first administration.

This study was designed as a randomized, open-label, single oral dose, two-way crossover trial. A total of 60 subjects were randomly assigned to two sequence groups. The 30 participants assigned to sequence 1 were administered LC treatment, which comprised a concomitant administration of an FDC tablet of amlodipine/losartan 5/100 mg with rosuvastatin 20 mg tablet at the first period, followed by an FDC tablet of amlodipine/losartan/rosuvastatin 5/100/20 mg after 14 days of the wash-out period. The treatment was reversed in the remaining 30 subjects assigned to sequence 2. All treatments were administered with 200 mL of water after an overnight fast for at least 12 h. In each treatment period, blood samples for PK analysis were collected pre-dose and at 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5, 3, 4, 4.5, 5, 6, 7, 8, 10, 12, 22, 48, 72, 96, and 144 h after administration.

Bioanalytical Methods {#S0002-S2002}
---------------------

Blood samples were centrifuged for 10 min at 3000 rpm at 4°C after which the plasma was collected. The plasma was stored at −70°C until required for analysis. For the sampling of rosuvastatin, 0.75 mL of the plasma was aliquoted into a tube containing 0.2 M of sodium acetate buffer (pH 4.0) and mixed before being stored at −70°C.

The plasma concentrations of amlodipine, losartan, EXP3174, and rosuvastatin were measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS). For amlodipine, plasma samples (200 μL) along with an internal standard (10 μL of 200 ng/mL amlodipine-d~4~) were added into a tube with 1.5 mL of methyl tert-butyl ether. After mixing for 2 min and centrifuging for 5 min at 13,000 rpm, the organic layer was harvested and evaporated under a stream of nitrogen. The residue was reconstituted in 150 μL of mobile phase and 10 μL of the sample was injected into the LC-MS/MS system after filtration. LC-MS/MS was carried out using a 4000 QTRAP (AB SCIEX, USA) on a Shiseido Nanospace SI-2 LC system (Shiseido, Japan). The separation was performed with a C~18~ column (2.1 mm, i.d. ×100 mm, particle size 3 μm) using an acetonitrile/deionized water/formic acid (50/50/0.01, V/V/V) mobile phase at a flow rate of 0.2 mL/min with 2.5 min of analysis time. Electrospray ionization (ESI) was performed in the positive ion mode. Ion detection was performed by monitoring the m/z transitions of 409.2 → 238.2 for amlodipine and 413.2→ 238.2 for amlodipine-d~4~. For losartan and EXP3174, plasma samples (200 μL) and internal standards (10 μL of 5000 ng/mL losartan-d~4~ and 2500 ng/mL EXP3174-d~4~) were added to a tube with 600 μL of acetonitrile. After mixing for 3 min and centrifuging for 5 min at 13,000 rpm, 50 μL of the supernatant was mixed with 150 μL of the mobile phase and 3 μL of the samples were injected into the LC-MS/MS system. LC-MS/MS was carried out using API 4000 (AB SCIEX, USA) in an ACQUITY^TM^ UPLC system (Waters, USA). The separation was performed with a C~18~ column (2.0 mm, i.d. ×150 mm, particle size 5 μm) using deionized water/acetonitrile/formic acid (40/60/0.1, V/V/V) as a mobile phase at a flow rate of 0.25 mL/min with 3 min of analysis time. ESI was performed in the positive ion mode. The ion was detected by monitoring the m/z transitions of 423.3 → 207.3 for losartan, 427.3 → 211.3 for losartan-d~4~, 437.2 → 235.2 for EXP3174, and 441.2 → 239.2 for EXP3174-d~4~. For rosuvastatin, plasma samples (300 μL) were mixed with 0.2 M sodium acetate trihydrate (pH 4.0; 100 μL). The mixed plasma sample (200 μL) and internal standard (20 μL of 35 ng/mL rosuvastatin-d~6~) were added to a tube with 1.2 mL of methyl tert-butyl ether. After mixing and centrifuging at 3000 rpm for 5 min each, the organic layer was harvested and evaporated under a stream of nitrogen. The residue was reconstituted in 200 μL of mobile phase and centrifuged for 5 min at 13,000 rpm. After centrifugation, 5 μL of the supernatant was harvested and used for LC-MS/MS analysis. LC-MS/MS was performed using an API 5000 (AB SCIEX, USA) on a Shimadzu UFLC system (Shimadzu, Japan). The separation was performed using a C~18~ column (2.0 mm, i.d. ×75 mm, particle size 3 μm) with acetonitrile/deionized water/formic acid (45/55/0.01, V/V/V) as the mobile phase at a flow rate of 0.2 mL/min with 4 min of analysis time. ESI was performed in the positive ion mode. The ion was detected by monitoring the m/z transitions of 482.1 → 258.1 for rosuvastatin and 488.1 → 264.1 for rosuvastatin-d~6~.

The plasma drug concentration was quantified by substitution of the peak area ratio into the prepared calibration curve. The calibration curve was prepared using the peak area ratio of the analyte to that of the internal standard. Incurred sample reanalysis was performed to verify the reliability of the developed method.

Pharmacokinetic and Statistical Assessments {#S0002-S2003}
-------------------------------------------

PK analysis was performed using data collected from subjects who completed the study with actual sampling times. PK parameters were calculated by means of a non-compartmental method using WinNonlin^®^ version 8.0 (Certara, St. Louis, MO, USA). The primary PK endpoints were maximum plasma concentration (C~max~) and area under the concentration-time curve from time zero to the last quantifiable time point (AUC~last~). AUC~last~ was calculated using the linear up log down trapezoidal method. Statistical analysis was conducted using the SAS^®^ software version 9.4 (SAS Institute Inc., Cary, NC, USA). Bioequivalence between both treatment groups was assessed using the geometric mean ratio (GMR) and 90% confidence interval (90% CI) of AUC~last~ and C~max~. The conventional bioequivalence criterion of 0.80--1.25 was used.

Safety Assessment {#S0002-S2004}
-----------------

Safety was monitored through adverse events (AEs), physical examinations, vital signs, 12-lead-ECGs, and routine clinical laboratory tests. Information on the AEs, including the number of different AEs, the number of subjects with AEs, severity, seriousness, and causality was collected. Due to the simultaneous administration of two antihypertensive drugs, blood pressure was measured pre-dose and at 4, 8, 22, 48, and 144 h after administration, including the screening and post-study visits. The number, frequency, severity, and seriousness of AEs, along with relation to treatment, were summarized using descriptive statistics.

Results {#S0003}
=======

Subject Characteristics {#S0003-S2001}
-----------------------

A total of 61 male subjects were randomly assigned to two sequence groups. The mean ± standard deviation values of demographic characteristics were as follows: age, 26.0 ± 4.1 years; BMI, 23.2 ± 2.0 kg/m^2^; height, 174.6 ± 5.2 cm; weight, 70.9 ± 7.8 kg. Both sequence groups had similar demographics ([Table 1](#T0001){ref-type="table"}). Of the 61 participants, 60 were administered the treatment and 56 completed the study. The reasons for withdrawal from the study were as follows; one participant withdrew consent before any treatment was administered, two withdrew consent after administration, and two other subjects opted out of the study because of AEs experienced which were oropharyngeal pain with pyrexia and enteritis during the wash-out period.Table 1Demographic Characteristics of Study SubjectsVariableSequence A (LC→FDC, n=30)Sequence B (FDC→LC n=31)Total (n=61)*p*-value\*Age (year)26.5 ± 4.325.6 ± 3.826.0 ± 4.10.3490Height (cm)174.0 ± 6.0175.1 ± 4.3174.6 ± 5.20.4234Weight (kg)71.2 ± 7.670.6 ± 8.070.9 ± 7.80.7404BMI (kg/m^2^)23.5 ± 1.923.0 ± 2.223.2 ± 2.00.3376[^1][^2]

Pharmacokinetics {#S0003-S2002}
----------------

PK analysis was performed with the 56 subjects who completed the study without major violation. The PK profiles after the drugs were administered as an FDC and LC were comparable. The mean plasma concentration-time profiles of amlodipine, losartan, EXP3174, and rosuvastatin after administration of the FDC and LC are presented in [Figure 1](#F0001){ref-type="fig"}. A summary of the PK parameters is shown in [Table 2](#T0002){ref-type="table"}. The GMR (90% CI) of AUC~last~ and C~max~ was 0.9946 (0.9663--1.0238) and 0.9690 (0.9379--1.0011) for amlodipine, 0.9855 (0.9422--1.0308) and 0.9178 (0.8349--1.0089) for losartan, 0.9814 (0.9501--1.0136) and 0.9756 (0.9313--1.0219) for EXP3174, and 0.9448 (0.8995--0.9923) and 0.9609 (0.8799--1.0494) for rosuvastatin, respectively. The highest value of intra-individual coefficient variance (CV) was 30.80%, which was observed in the C~max~ of losartan ([Table 3](#T0003){ref-type="table"}).Table 2Summary of the PK Parameters of Amlodipine, Losartan, an Active Metabolite of Losartan (EXP3174) and Rosuvastatin When Administered as a Fixed-Dose Combination and as a Loose CombinationC~max~AUC~last~AUC~inf~t~1/2~T~max~\*CL/FV~z~/F(μg/L)(μg \*h/L)(μg \*h/L)(h)(h)(L/h)(L)Amlodipine FDC (N=57)2.74 ± 0.59108.16 ± 29.41120.54 ± 37.3242.45 ± 7.035.00 \[4.00--6.05\]0.05 ± 0.012.68 ± 0.57 LC (N=59)2.81 ± 0.58108.03 ± 27.61121.10 ± 36.3442.95 ± 8.545.00 \[4.50--10.00\]0.04 ± 0.012.67 ± 0.51Losartan FDC (N=57)615.07 ± 357.42925.95 ± 280.74936.54 ± 282.772.34 ± 0.751.00 \[0.50--4.00\]116.02 ± 34.36380.20 ± 123.59 LC (N=59)656.92 ± 322.53946.54 ± 294.54957.88 ± 297.772.47 ± 0.731.00 \[0.50--3.00\]113.24 ± 30.75390.02 ± 114.74EXP3174 FDC (N=57)1067.10 ± 308.415734.86 ± 1371.925867.73 ± 1345.036.94 ± 4.572.50 \[1.50--5.00\]17.93 ± 4.10170.53 ± 76.99 LC (N=59)1072.54 ± 266.285793.44 ± 1323.405916.42 ± 1298.026.62 ± 1.522.50 \[1.50--4.50\]17.70 ± 3.83168.70 ± 55.78Rosuvastatin FDC (N=57)40.53 ± 24.07232.17 ± 106.40237.00 ± 106.4614.57 ± 6.511.50 \[0.75--4.50\]101.64 ± 45.222056.46 ± 1154.90 LC (N=59)41.00 ± 21.34243.20 ± 100.46247.35 ± 100.8213.77 ± 5.691.50 \[0.75--4.50\]95.34 ± 41.151854.13 ± 1011.30[^3][^4] Table 3Comparison of Pharmacokinetic Parameters When Administered as Fixed-Dose Combination or as Loose CombinationGeometric Mean Ratio (FDC/LC)90% Confidence Interval (Lower Bound-Upper Bound)Intra-Individual CV (%)Amlodipine AUC~last~0.99460.9663--1.02389.17 C~max~0.96900.9379--1.001110.37Losartan AUC~last~0.98550.9422--1.030814.33 C~max~0.91780.8349--1.008930.80EXP3174 AUC~last~0.98140.9501--1.013610.28 C~max~0.97560.9313--1.021914.83Rosuvastatin AUC~last~0.94480.8995--0.992315.64 C~max~0.96090.8799--1.049428.51[^5] Figure 1Mean plasma concentration-time profiles of (**A**) amlodipine, (**B**) losartan, (**C**) active metabolite of losartan (EXP3174), (**D**) rosuvastatin after the single oral administration of a fixed-dose combination tablet of amlodipine/losartan/rosuvastatin 5/100/20 mg (FDC) or concomitantly single oral administration of a fixed-dose combination tablet of amlodipine/losartan 5/100 mg with a tablet of rosuvastatin 20 mg (LC).**Note:** Bars implies standard deviation.**Abbreviations:** FDC, fixed-dose combination; LC, loose combination.

Safety {#S0003-S2003}
------

Safety analysis was conducted on all 60 subjects who were administered the drug at least once. The pattern of change in blood pressure after FDC and LC administration was similar in that both SBP and DBP decreased for 8 h after administration and slowly recovered to the baseline level ([Figure 2](#F0002){ref-type="fig"}). A total of 49 AEs were reported in 26 of the 60 subjects, and the number of cases assessed as adverse drug reactions among the AEs was 33 from 21 subjects. All AEs and adverse drug reactions were reported to be mild in their maximum severity. Nervous system disorders such as dizziness and headaches were the most common AEs. There were no clinically significant differences in the safety profile between the two treatments.Figure 2Mean Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) from 1 day to 7 days after concomitantly single oral administration of a fixed-dose combination tablet of amlodipine/losartan 5/100 mg with a tablet of rosuvastatin 20 mg (LC) or single oral administration of a fixed-dose combination tablet of amlodipine/losartan/rosuvastatin 5/100/20 mg (FDC).**Note:** Bars implies standard deviation.**Abbreviations:** DBP, diastolic blood pressure; FDC, fixed-dose combination; LC, loose combination; SBP, systolic blood pressure.

Discussion {#S0004}
==========

The aim of the study was to compare the PK and safety profiles of an FDC treatment (administration of an FDC tablet of amlodipine/losartan/rosuvastatin 5/100/20 mg) and an LC treatment (concomitant administration of an FDC tablet of amlodipine/losartan 5/100 mg with a rosuvastatin 20 mg tablet). According to the results obtained, 90% CIs for AUC~last~ and C~max~ of amlodipine, losartan, EXP3174, and rosuvastatin were in the range of 0.80--1.25 which was the criteria of bioequivalence between the two treatments. Similar to other comparative studies of FDC formulations of CCBs, ARBs, and statins, GMRs of all primary pharmacokinetic parameters were close to 1.[@CIT0015],[@CIT0016]

Approximately 14% of EXP3174, an active metabolite of losartan with a half-life of around 6 to 9 h, is formed by CYP2C9 and CYP3A4, and it is 10- to 40-fold more potent than losartan.[@CIT0017] In addition to the active drugs, the PK profile of EXP3174 was analyzed in this study. Because, it could be assumed that EXP3174 significantly affected the safety and efficacy of the losartan based on pharmacological and PK characteristics of EXP3174. The results of this study indicated that the PK profiles of EXP3174 in both treatments were comparable in common with three active drugs.

This study was well designed and performed because sufficient numbers of participants were enrolled and completed the study. The number of study population which was able to meet the bioequivalence criteria with a significance level of 0.05 and 90% power was statistically calculated based on the previous study in which the highest value of intra-individual CV of PK parameter among the three active drugs and one metabolite was for the C~max~ of losartan, which was about 36.5%.[@CIT0016] Of the 56 subjects who completed this study, the highest value of the intra-individual CV was 30.80% (C~max~ of losartan). The number of participants enrolled in the study validates the bioequivalence between the two treatments.[@CIT0018] Additionally, the intra-individual CV for C~max~ for rosuvastatin was reported as 28.36% in a previous study, which was comparable to the value of 28.51% attained in this study.[@CIT0015]

In the Phase III clinical trial of triple combination drug therapy, the efficacy endpoints were the mean changes in SBP and DBP compared to the baseline.[@CIT0013] In this study, intensive observation of blood pressure was conducted and the decrease of the mean SBP and DBP were measured as 10.3 to 12.4 and 12.1 to 14.6 mmHg, respectively. The changes in blood pressure were not as significant in that the changes in the mean SBP and DBP in the phase III study were approximately 16.80 and 9.91 mmHg, respectively.[@CIT0013] The reason for the difference in these results could be potentially because healthy subjects participated in this study, their movement was restricted during hospitalization, and a single oral dose of FDC or LC was administered. Furthermore, the tendency of FDC and LC treatments to lower blood pressure was comparable. In both treatments, SBP and DBP decreased for 8 h after administration and reached the baseline again within 7 days. The changing pattern of blood pressure in this study was similar to that in a previous comparative pharmacokinetic study of an FDC of amlodipine and losartan.[@CIT0014]

Amlodipine 5 mg, losartan 100 mg, and rosuvastatin 20 mg along with a combination dosage regimen exhibited clinically significant effectiveness in patients with both dyslipidemia and hypertension.[@CIT0013] In addition to the FDCs studied in this investigation, additional different combinations of these three drugs might be required to adjust and titrate dosages for individual therapy. The pharmacokinetics of amlodipine, losartan, and rosuvastatin are known to be linear and dose-proportional in the range of 5\~10 mg, 25\~200 mg, and 10\~80 mg respectively, and no significant drug-drug interactions were reported (ClinicalTrials.gov: NCT02140489, unpublished data).[@CIT0017],[@CIT0019]--[@CIT0021] Therefore, systemic exposure to the drugs in different dosage strengths could be estimated through the results of this study.

Conclusion {#S0005}
==========

In conclusion, this study confirms that there is no significant difference in the PK and safety profiles between the clinical therapeutic doses of an FDC tablet of amlodipine/losartan/rosuvastatin and an LC of amlodipine/losartan and rosuvastatin. Therefore, the triple combination FDC formulation could be a clinically useful replacement for the LC therapy.
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[^1]: **Notes:** Data are expressed as mean ± standard deviation, \*Independent *t*-test.

[^2]: **Abbreviations:** BMI, body mass index; FDC, fixed-dose combination; LC, loose combination.

[^3]: **Notes:** Data are expressed as mean ± standard deviation (\*T~max~ is expressed as median \[range\]). FDC: administration of a fixed-dose combination tablet of amlodipine/losartan/rosuvastatin 5/100/20 mg; LC: concomitant administration of a fixed-dose combination tablet of amlodipine/losartan 5/100 mg with a tablet of rosuvastatin 20 mg.

[^4]: **Abbreviations:** FDC, fixed-dose combination; LC, loos combination; C~max~, maximum plasma concentration; AUC~inf~, area under the plasma concentration-time curve from time zero to infinity; AUC~last~, area under the plasma concentration-time curve from zero until the last quantifiable time point; t~1/2~, elimination half-life; Tmax, time to reach C~max~; CL/F, apparent total clearance of the drug from plasma after oral administration; V~z~/F, apparent volume of distribution during terminal phase after non-intravenous administration.

[^5]: **Abbreviations:** FDC, fixed-dose combination; LC, loose combination; CV, coefficient variance; AUC~last~, area under the plasma concentration-time curve from zero until the last quantifiable time point; C~max~, maximum plasma concentration.
